The 2013 World Trade Organization ministerial in Bali produced a comprehensive framework agreement on trade facilitation. If fully implemented, the agreement should increase the speed and reduce the cost of moving goods across international borders. But which reforms are most likely to improve these outcomes, how much improvement should be expected, and what might such improvements be worth? This paper adopts the Organisation for Economic Co-operation and Development's trade facilitation indicators as quantitative descriptions of trade facilitation policy. It estimates the impact of the indicators and other variables on the time necessary to clear customs, the associated cost, and a customs performance index. Of the 12 policy bundles, the good governance and impartiality indicator is most clearly related to customs clearance time. A move to best practice in all policies by all World Trade Organization members would reduce the predicted time spent in customs by an average of 1.6 days for imports and 2 days for exports. Using a conservative estimate of the value of time in trade, such comprehensive reforms imply a mean tariff equivalent reduction of 0.9 percentage points on imports and 1.2 percentage points on exports. The same estimates are used to calculate welfare gains of policy reform by World Trade Organization members. Reform in China alone accounts for roughly one-fourth of the global benefits from the Trade Facilitation Agreement.
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Introduction
The decline of tariffs and other policy-related trade barriers has shifted the focus of global trade policy towards trade facilitation. At the 2013 WTO ministerial in Bali member countries signed the Trade Facilitation Agreement (TFA), which commits them to pursue a range of border management policies that are currently considered best practice. But how much improvement should be expected in the time and cost needed to clear customs? And if there is progress, how valuable would it be? Direct evidence -in the form of impact evaluations of specific procedural reforms -is still lacking. In this paper we conduct a cross-country empirical analysis of customs performance. 1 We link measures of customs performance to quantitative indicators of border management policies, and to other variables that might affect outcomes at the border. This framework offers a guide to the quantitative impact of trade facilitation policies on customs performance.
The customs performance outcomes that primarily interest us are estimates from the Doing Business -Trading Across Borders (TAB) database. 2 These indicators provide estimates of the time and cost of various trading activities. 3 In this paper we focus on measures of the time and cost required to clear customs, as these would seem to be the outcomes most affected by the TFA. TAB data have been used in many studies as independent variables, with the typical study asking how time-in-trade affects bilateral trade flows. 4 By contrast, we are interested in the TAB measures as outcome variables. Our central questions are: to what degree do border outcomes depend on border management policies like those in the TFA? and, to what degree can policy change be expected to improve customs performance? We also conduct a more speculative exercise in which we attempt to attach economic values to the TFA at both global and national levels.
The measures of trade facilitation policy that we employ are the OECD Trade Facilitation Indicators, as discussed in Moïsé et al. (2011) and Moïsé and Sorescu (2013) . These indicators are quantitative representations of 12 different aspects of border management policies (e.g. automation, 1 Throughout the paper we will describe the outcome variables as measures of 'customs performance.' In reality, clearance of goods by customs agencies often requires the assent of other governmental agencies, including the border police and several 'technical' agencies such as those responsible for food safety or environmental protection. We shall refer throughout to 'customs' performance but the reader should interpret this as the performance of all relevant agencies. In most countries the customs agency plays the central role in coordinating the activities of all the relevant inspecting agencies. Border inspection agencies have important objectives besides trade facilitation, and we acknowledge that our study is limited in that regard. 2 We also consider a similar measure from the World Bank's Logistics Performance Index. 3 One important reason for our interest in the TAB indicators is that they are used by the World Bank and other such institutions as relevant indicators for the choice of aid projects in the area of trade facilitation, and for the ex post evaluation of such projects in some cases. As such, these indicators are important for determining the flow of international aid money. 4 We will subsequently review these in some detail. The initial study was Djankov et al. (2010) .
1 the existence of clear appeal procedures, etc.). The indicators are taken from a thorough review by the OECD of available country-level information on the capacities and procedural requirements of customs and other agencies that oversee trading activities. The OECD indicators have been usefully employed in studies of the impact of policies on trade flows and implied trade costs. 5 Our innovation is to estimate their impact on outcomes at the border. This allows a better understanding of the likely effects of trade facilitation policies and other variables on border outcomes.
The estimation of these impacts is complicated by two key features of the data. The first issue is that the main outcome variable, the reported number of days necessary to clear customs, is a discrete variable that typically takes low values including '1'. Our interest is actually in a latent variable, time in customs, but the data are only reported in units of days. We adopt a discrete time transition model that allows us to estimate the effects of policy and other variables on a latent continuous variable representing time. The second issue is that the OECD trade facilitation indicators, our primary independent variables of interest, have many missing observations. Moreover the missing data do not occur randomly; missing policy data are most common in the part of the sample in which our interest is highest, in developing countries. To address the second issue we implement multiple imputation methods that have been developed for use in situations like ours. The discrete time transition model and multiple imputation procedures can be implemented jointly, and we do so.
The OECD data group into 12 policy bundles the vast array of policies and procedures used by border agencies around the world. Of these bundles, we find two that are linked, in a statistically significant manner, to lower reported values of time in import customs: indicators of Good governance and impartiality and Automation. The 12 indicators are important collectively, but the model suggests that these two policy measures affect the days-in-customs variable individually, even after controlling for other policy and non-policy data. On the export side the results are a bit weaker.
The Good governance and impartiality variable is again important, although with somewhat lower levels of statistical confidence than in the case of imports. The significance of the coefficients on the Good governance indicator across specifications is notable because we include a sizable array of control variables, including the other 11 trade facilitation indicators as well as general measures of the quality of national governance. Good governance and impartiality in customs agencies seems to matter for private sector perceptions of the time required to clear customs. The model's coefficient estimates are not easy to interpret so we provide quantitative context via counterfactual analysis. In our thought experiment we move policy in all WTO member countries to the best-practice frontier. We conduct this exercise for all 12 policy bundles collectively, and then for each of the individual policy bundles we identify as significant. In our model, a move by all WTO members to best practice in all policies reduces the average number of expected days in import customs by 1.6. The same exercise implies an average reduction in days in export customs of 2.0. While the effects of policy are important in the case of import customs, reform does not eliminate cross-country variation in performance. In the case of export time in customs, though, policy explains almost everything. When we simulate countries' adoption of best-practice customs procedures, the variation in the expected time in export customs almost entirely disappears. We speculate that the oversight of import customs is inherently more difficult than of export customs, so policy improvements alone are not as able to reduce cross-country variation in performance on the import side as on the export side.
In order to put our counterfactual estimates in perspective we apply an estimate of the tariffequivalent of a day in transit from Hummels and Schaur (2013) 
Literature
Most of the literature that relates to our work treats TAB measures of time-to-trade as independent variables in an econometric model in which the dependent variable is the value of trade. We differ in that we treat a time-to-trade measure as the dependent variable, and attempt to explain it with other data including the OECD policy data. It is nonetheless useful to review the literature with the TAB variables on the right hand side.
Most of the empirical literature using TAB data to study international trade uses the time-totrade measures rather than estimates of the monetary costs of trading. This is true of the initial study using these data, Djankov et al. (2010) , which focuses its attention on a single component of the TAB indicators, days spent in inland transit. Using a modified gravity regression, Djankov et al.
(2010) estimate that a one-day increase in inland transport times reduces exports by approximately one percent. Subsequent regressions indicate that exports of time sensitive goods are more sensitive to inland transit time than are other goods. 8 Subsequent studies using these and related data have linked longer trading times to reduced 7 Our estimates for exports are more speculative than for imports, because countries' export bundles are much more specialized than are their import bundles. The estimates of the value of time in Hummels and Schaur (2013) are cross-commodity average estimates, and are thus less suitable for valuing changes that affect highly specialized export bundles. We view our estimates for imports as a rough lower bound on the gains from the TFA, and the export figures as indicative of the possible gains through an additional (less likely) channel. There are additional channels possible but these are more speculative and/or more difficult to quantify. 8 Djankov et al. (2010) also provides a useful review of the TAB time-to-trade data that we use.
trade and to other negative outcomes. Freund and Rocha (2011) Our purpose is to exploit cross-country variation in policy to understand the empirical relationship between policy and the two subcomponents of the time-to-trade measures: days in import customs and days in export customs. We estimate these links in an appropriate econometric model.
Relying on the model's estimated parameters, we then ask how expected time in customs would change for each country, if that country were to move to best practice in one or all of 12 measures of policy. In order to put the estimated time reductions in context we use parameter estimates from Hummels and Schaur (2013) , who calculate a tariff-equivalent measure of a day using U.S. import statistics. These authors estimate that a one-day reduction in trading time is equivalent to 0.6 to 2.1 percentage point tariff equivalent reduction in trade costs. We argue that the smaller of these two values is likely to be more appropriate in this context, and apply it in our back-of-the-envelope calculations.
Data
Our estimation exercises employ three types of data: indicators of the performance of customs (and other inspecting) agencies, quantitative measures of countries' border policies, and other countrylevel variables that control for other potential sources of variation in customs performance. This section describes these indicators, and illustrates some initial properties of the data. The respondents to the TAB survey are asked to consider an import (export) shipment with the following characteristics: 13 It is a dry-cargo 20-ft full container load shipment weighing ten tons, and is valued at US$20,000. The product is one of the country's leading import/export products and, is not hazardous, does not include military items, does not require refrigeration or other special treatment, and is not subject to phytosanitary or environmental safety standards.
Measures of customs performance
10 One goal of this study is to inform these discussions, in terms of the relative roles of specific policies and/or other factors such as levels of development. There is controversy about the ability of TAB data to summarize border environments. Our estimation strategy is designed to exploit the heterogeneity in reported performance, while at the same time addressing some of the criticisms of detractors.
11 Some of the observations represent overseas territories, rather than independent countries. Puerto Rico is an example.
12 The TAB data also include estimates of the time and cost required for three additional trading activities: inland transit, assembling documentation, and moving through terminal and ports. Of these other components the TFA reforms might also be expected to affect the cost and time of document assembly, but the impact of such changes is difficult to evaluate in our framework. The OECD's measure of documents policy includes TAB data so very similar variables would enter on both the right and left hand sides of the econometric model. Moreover there are not good estimates of the value of time for activities such as document assembly (as opposed to valuations of time while goods are in transit). We therefore limit our investigation to the variables that measure customs policy. It is likely that there are additional gains that would arise through reductions in the time required to assemble documents but we are not able to credibly quantify these. 13 The methodology used to produce the TAB data is described briefly in Djankov et al. (2010) . Further information was provided to the authors by the Trading-across-borders team of Doing Business.
There are no special privileges for the trading firm, and it does not operate in a zone with special trading privileges. The shipment is considered to move via ocean transport between the country's largest overseas trading partner and the most frequently used seaport. The TAB indicators consider all the time required at the port, in customs, for inland transport and for document processing when moving goods between the chosen port and the most populous city in the country. The figures reported by TAB summarize survey responses about the time and cost associated with trading such a shipment. 14 The unit measures of time reported in the TAB customs indicators are the number of days that are normally required for goods to clear customs. The use of days as units complicates our attempt to exploit them as measures of border outcomes. Figure 1 shows a histogram of days in import and export customs, respectively, for the data in our sample. The data are discrete and generally take low values, which rules out estimators that require continuous variation on the left hand side. While the data are in discrete form, our real interest is in the continuous latent variable, time. A related complication is that it is likely that there is considerable heterogeneity in average clearance times across countries for which the same number of days is reported. For example TAB reports that it takes one day to clear import customs in both Singapore and Romania, but we might expect clearance to be faster in Singapore. Our estimation technique acknowledges that time is continuous even though the data are discrete. We estimate empirical relationships between a latent variable representing continuous time and the explanatory variables including border policies, based on a probabilistic model that the time in customs will end on a given day. This allows within-day heterogeneity in the predicted values of time spent in customs.
We also explore the implications of policy for three continuous measures of border performance: the monetary costs of clearing import and export customs as reported in the TAB database, and an index value of customs performance. The TAB estimates of the monetary cost of customs clearance use an identical definition of a shipment as do the estimates of clearance time, but asks respondents to report administrative charges, customs broker charges, and other charges, as well as a total.
The reported total is the measure of cost we use. The index measure of customs performance we investigate as an outcome variable is the customs subcomponent of the World Bank's Logistics Performance Index (LPI). All three of these measures are continuous.
14 Because survey response numbers for some countries are quite small, unrepresentative, and noisy, the summary indicators reported by TAB reflect, in some cases, judgements of the TAB team. Note: Distributions of days in import customs and days in export customs, respectively.
Data from Doing Business -Trading Across Borders 2012 for 182 countries.
Quantitative measures of border policy
The primary goal of this paper is to relate border management policies and procedures to border outcomes. Heretofore this has been a difficult issue to address empirically because quantitative representations of border policies/procedures have not been available. 15 In anticipation of the Bali negotiations the OECD set out to correct this problem, identifying 12 categories of trade facilitation policies and procedures. After documenting national policies and procedures, the OECD scored countries on their proximity to the world's best practice in each of the 12 policy categories. Before moving to our analysis we adjust one of the variables, formalities regarding documents, to address a possible endogeneity concern. Four of the six inputs the OECD used to construct this variable are taken from the TAB surveys. While the variables the OECD used as inputs are not the same variables that appear on the left hand side of our estimation model, the construction of TAB data from survey responses makes it possible that our outcome variables and these data inputs are endogenous. 18 To address this concern we regress the formalities regarding documents variable on the four TAB inputs used by the OECD, and construct a new measure of the documentation burden from the constant and the error terms from this regression. This procedure purges any possible endogeneity that would arise from the OECD's use of TAB data as inputs. 19 While the OECD has scored most policies for most countries, they do not report a score in those country-indicator pairs where the available information is not adequate to produce a score.
The incompleteness of the policy data represents a significant challenge for our analysis. It is common practice in econometric work to exclude observations with missing data, but this practice would be highly problematic in our case. The missing policy data are idiosyncratically, but not randomly, missing from country policy scores. Panel A of Table 1 offers a short summary of the quality of the indicator data. The policy data are particularly lacking in the areas of border agency cooperation (external) and consularization, but other policies also have missing data. Discarding countries with incomplete policy data from the sample would mean discarding a substantial amount of useful policy data, as many countries have some policy data even though the policy data is not complete. Moreover, discarding countries with incomplete data would bias the sample towards countries with more transparent (and, usually, better) policy. This situation motivates our use of multiple imputation techniques, which we describe later in the paper.
Other determinants of border performance
In order to isolate the effect of policy on the performance of customs we must also include other control variables that could affect customs performance. In particular we wish to include variables that are exogenous to customs and other border agencies, but still plausibly predictive of the border outcomes we study. We consider three sets of control variables: a set of broad controls that control for countries' level of development, size and geography; a second set of variables that summarize the quality of national governance; a third set of variables that control for the quality of trade-related infrastructure.
Basic control variables
The first set of control variables includes levels of development, geographical indicators, and membership in relevant international economic organizations. These variables might be expected to affect both the level of international trade and the performance of border agencies. One key determinant of the performance of border agencies is likely to be the country's level of economic development, which Missing data imply a lack of information for individual countries in the raw data used by the OECD to compile the indicators. might affect performance through factors such as the educational attainment of agency officials, the capabilities of the firms engaged in international trade, and the quality of the infrastructure at the border, among other possibilities. We measure levels of development flexibly, including log per capita GDP and squared log per capita GDP on the right hand side. We also include a log GDP measure to control for variation in the overall size of the economy. The underlying data for these measures are taken from the 2011 World Development Indicators. 20 We include three measures of geography. Logged square kilometers is our measure of country size, and is also taken from the World Development Indicators. It may be that larger countries trade less and so have less developed customs agencies. We include dummy variables that indicate if a country is landlocked or if it is an island. These data are taken from the French research institute CEPII. The landlocked dummy is particularly interesting because the TAB indicators take into account the time and cost of border procedures in the landlocked country itself and at other border posts between the relevant port and the country of interest. 21 The landlocked dummy thus acts as a control for the fact that landlocked countries' Doing Business measures may be influenced by the quality of customs in neighboring countries.
Finally we include dummy variables that indicate a country's membership in either the OECD or the World Trade Organization (WTO). These data are taken from the respective organizations' web sites. The OECD dummy acts as an additional indicator of development, but also attempts to control for any biases that might arise through the sequencing of the data collection efforts. 22 WTO membership might be thought to affect trade volumes in a manner that is independent of customs performance.
General measures of governance
The policy indicators that are our primary interest are used to estimate the effect of border policy, specifically, on perceptions of the performance of customs. These perceptions might be driven, in part, by the overall quality of governance in the country. Since we are trying to isolate the effect of policy in customs, we also include measures of the quality of broad governance in each country as control variables. Our source for these data are the Worldwide Governance Indicators (WGI), as 20 The 2012 data on per capita income are incomplete. 21 The data are collected under this definition to get an estimate of the costs of overseas trading. This treatment may mean that our estimates understate the average effect of policies on clearance times within the country of interest.
22 Recall that the OECD policy indicators were first calculated for OECD member countries in 2010 and for the remaining countries in 2012.
described in Kauffman et al. (2010).
There are five WGI variables. Voice and Accountability quantifies the ability of a country's citizens to participate in the selection of the government, as well as related freedoms such as freedom of speech. Political Stability and Absence of Violence/Terrorism measures the degree to which political violence threatens the stability of the government. Government Effectiveness is an indicator of the perceived quality of public services, the civil service, and related matters. Regulatory Quality measures the quality of regulations that permit and promote private sector development. Control of Corruption is the perceived influence of corruption on governance, including capture of the state by elites and private interests. These variables are all increasing with the quality of governance, and we expect them to reduce clearance times.
Trade infrastructure variables
The final set of variables we include as potential controls are measures of trade infrastructure taken from Portugal-Perez and Wilson (2012). These authors construct four variables that are intended to measure aspects of the quality of trade infrastructure. The fourth of these, Border and Transport Efficiency is constructed with inputs that are entirely from the TAB database, and are also closely related to policies contained in the TFA (documents required for trading, and days required for trading). We therefore exclude that variable but consider the other three trade infrastructure variables in our estimation procedure. 
Estimating framework
Our estimating framework takes into account two features of the data that are relevant to our exercise. First, our primary outcome data are reported in discrete units (days in customs), even 23 The Business Environment variable may well be correlated with the WGI data described above.
though the phenomenon we are modeling (time) is continuous. For our purposes we need a framework that allows a continuous latent variable to be observed as a discrete outcome. Second, as noted, the policy data are missing in many observations, and the missing data are not randomly distributed, which means that discarding observations with missing data will bias the parameter estimates. Our estimation framework addresses both of these problems.
The estimating model
A first key feature of the data that we confront explicitly is the choice of units in our outcome variable, the reported number of days that a shipment spends in customs. It is likely that the choice of units in the TAB data obscures important variation in countries' performance, especially when the reported number of days is 1 or 2. For example, the number of days reported for import shipments bound for Romania and Singapore are both 1 day, but trading firms might expect goods to spend considerably less time under border controls in Singapore than in Romania. To address this issue, we apply a discrete-time transition model (Cameron and Trivedi, 2005, p.602), treating the reported number of days necessary to clear customs as a discretization of continuous time. The model estimates the conditional probability that goods will clear customs on a given day, and includes a latent measure of continuous time. This latent variable is useful in our subsequent counterfactual analysis, where policy-related changes can improve expected performance by fractions of a day.
The discrete-time transition model we use is a type of grouped duration model. The model accounts for dependent variables that represent grouped time data, with grouping points, t a = a, a = 1, 2, ..., A, where A is the maximum observed time in days, the discrete-time hazard function
where x is a k × 1 vector of covariates including measures of border policy and other country characteristics.
A discrete-time transition model uses a binary choice model for transition, i.e. the discrete-time 14 hazard function is given by
where λ a (a = 1, 2, ..., A) is the baseline hazard function. We assume λ a = (q − 1) · ln(t), which is analogous to assuming a Weibull distribution in the model for continuous duration data. q measures the response of the probability that goods clear to time t, and is a parameter to be estimated. We choose the F function to be logistic CDF. Specifically, the hazard function for the logit discrete-time transition model is
where z(a, x), using the logit model formalization, is specified as:
where the γ's indicate estimation parameters, the X's are sets of variables that enter independently into the estimating model, and η ai is an error term. 24 The subscripts on the parameters γ and the variables X (Basic, W GI, T F I, and T I) indicate in turn: the basic control variables, the worldwide governance indicators, the OECD's trade facilitation indicators (the policy variables of interest) and trade infrastructure variables.
The logit model is estimated over an extended data set. In an extended data set, the i th country with observed time in customs of T i days has T i repeated records: a binary dependent variable that is equal to 0 for the first T i − 1 records and equal to 1 for the last record of the ith country. Thus a country for which the reported number of days in customs is 2 will appear in the data set with two records, with a 0 recorded in the first day, and a 1 recorded in the second day. The binary data are estimated assuming a logit form of the estimating model. The conditional mean duration given x is calculated as
where λ d (t|x) is defined in Equation 3 for the logit discrete-time transition model. We use the difference of conditional mean duration given different covariates of x to indicate the impact of changing x on the expected time required to clear customs.
Multiple Imputation
As noted above, one of the significant estimation challenges we face is the large amount of policy data that is missing in the OECD trade facilitation indicator data. 25 Data collection in an international setting is always challenging. In this case, where the goal of the collection effort was to provide detailed information on a topic that had not been widely studied, it is understandable that the data are incomplete. The difficulty of the collection effort nonetheless leaves us with important estimation challenges.
A common response to missing data on the right hand side is simply to exclude it, thereby restricting inferences to the sample of observations with complete data. The standard approach is highly problematic in this case, because the sample size is already small and the missing policy data are scattered idiosyncratically but not randomly across the sample. The sub-sample of countries with complete policy data is not representative of the whole. 26 What is more, for many countries there is a substantial amount of policy information available even though data is missing for one or two policy measures. This means that under the conventional approach useful policy data would be thrown away because a country lacks information on a single policy. In order to avoid this we turn to well-developed methods for making inferences in the presence of non-random missing data.
Our strategy for dealing with the missing policy data is to employ multiple imputation (MI) methods, first introduced by Rubin (1976) . In broad terms, what MI does is to predict the missing policy data (i.e. impute it) in a manner that recognizes uncertainty about the values of the missing data, while at the same time maintaining the overall covariance structure of the right hand side variables. The procedure adopts multiple imputations so that causal inferences are not being driven by the randomness inherent in a given imputation. Multiple imputation also provides a framework for adjusting the standard errors in the estimated relationship, to account for the fact that there is additional parameter uncertainty because some of the independent variables are imputed.
In our specific context we know that the missing policy data lie along a continuum ranging Multiple imputation is a simulation-based statistical technique for handling missing data that consists of three steps. The first step is to generate M imputations (completed data sets); the second step is to conduct the desired analysis on each imputation separately; and the third step is to combine results obtained from the second step for each completed data set into a single multiple-imputation result. 27 We use the well-established Stata MI package to conduct the above procedures. 28 Given
The difference between the two means is significantly different from 0 at the 5 percent level of significance. Similar disparities apply for the other policy measures. 27 For more theoretical details of multiple imputation, see Rubin (1987) . 28 For technical details, refer to Stata (2013 Table 2 look reasonable in that the summary statistics of the imputed data are quite stable across the first and last imputations, and are not overly different from those that are observed for the initial data set (in Table 1 ). 
Results
In this section we report empirical results from the estimation models, as well as some counterfactual calculations. The primary focus of attention is the set of results from the grouped duration models with import and export days in customs as the outcome variables. We also report results from the linear models of continuous outcomes (the logged cost of clearing import and export customs, from TAB, and an index of customs performance taken from the LPI). There are two reasons for the focus on the model of clearance times: a) the estimation model is less familiar than the linear model used in the other applications, b) our discussions with logistics professionals suggest that time savings are a useful summary indicator of the private sector costs associated with clearing goods at the border.
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Impacts of policies on time
In order to demonstrate the discrete time transition model without the added complications of multiple imputation, we first estimate the model using independent variables that are complete for our country sample. We apply the model to both the import and the export days in customs data, using the independent variables described above on the right hand side. First we consider, alone, a set of basic country-level variables that reflect underlying propensities to trade. We then add an additional set of variables that measure aspects of institutional quality, the WGI variables. The results of this specification are reported in Table 3 .
Coefficient estimates in the discrete time transition model illustrate the effect of each variable on the probability that the expected duration (time spent in customs) will end on a given day.
Positive coefficients indicate that countries with higher values of the variable tend to require fewer days in customs, while negative coefficients indicate that higher values of a variable are associated with more expected days in customs. The results in the first column suggest that OECD and WTO member countries have shorter expected time in customs for imports and for exports, while countries with larger land areas tend to require more time in import customs. These coefficients all have the expected signs. WTO and OECD members are likely to have better performing customs. Countries with larger land areas may trade less and therefore have less incentive to operate customs efficiently.
Estimates that are statistically significant at only the 10% level suggest that countries with larger economies and island countries are likely to have faster customs clearance.
In the second column we add the WGI variables as controls. Of these, only the indicator of regulatory quality is found to be statistically significant. The sign on the parameter estimate is as expected; TAB respondents indicate that goods clear customs in less time in countries with higher levels of regulatory quality. The inclusion of the governance indicators affects the estimated levels of significance of some the basic control variables. The landlocked variable becomes significant in this specification, taking the expected negative sign. Landlocked countries have larger reported days in customs on average. 29 When the WGI variables are included the coefficients on the other basic control variables become less significant.
On the export side fewer right hand side variables are significant in either specification. The WTO and OECD dummy variables are significant and of the expected sign in column 3. These effects Notes: a Parameter estimates from a discrete-time transition model assuming a logit specification for the transition. There are no missing data among the independent variables. b standard error is reported in brackets below estimated parameter, *** indicates 1% significant, ** 5% significant and * 10% significant.
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largely disappear when the WGI variables are included in the estimation. The governance indicators jointly improve the ability of the model to predict outcomes, as indicated by the rising Pseudo-R 2 , but none of them are statistically significant on their own. The inclusion of these variables weakens the statistical significance of the coefficient on the WTO dummy, and the coefficient on the OECD variable becomes insignificant. Table 4 reports the estimated parameters and standard errors for specifications of the model that include the policy data, as well as information on trade infrastructure. Both groups of the new variables contain missing data points, so these estimates all require multiple imputation methods.
The inclusion of these data reduces the apparent role of the variables included in earlier specifications.
The coefficient on the landlocked variable is of the expected sign, and statistically significant across the specifications (although less so in the export model). None of the WGI variables is statistically significant individually once the policy data are included. 30 Of most interest to this paper are the coefficients on the policy variables. On the import side, two of the 12 policy bundles -Governance and Automation -have statistically significant coefficients of the expected sign and statistically significant. On the export side only the Governance variable has a statistically significant coefficient. Two of the three trade infrastructure variables have significant coefficients when days in import customs is the outcome of interest. None of the trade infrastructure variables have significant coefficients in the export model.
It is notable that the coefficients on the Governance variable are at least weakly significant in all four of the specifications (2 each on the import and export side). 31 These specifications include a broad array of control variables. In particular the WGI variables have been included to capture cross-country variation in the general quality of governance. The specifications also include all 11 of the other trade facilitation indicators. The fact that the coefficients on the Governance variable remain statistically significant amongst all these controls suggest that this variable is an important predictor of private sector perceptions of customs performance.
While the grouped duration model has no formal test that can evaluate the joint significance of the policy variables (such as an F-test in the standard linear model) the evolution of the pseudo R 2 measures is instructive. As variables are added the Pseudo-R 2 measure rises, although in most cases only moderately. One exception is that, when the policy data are included in the model of export clearance times, the Pseudo-R 2 measure rises sharply. While this evidence is informal, it suggests that policy is very important for explaining variation in the days in export customs variable. We confirm the reality of this insight when we evaluate the effects of policy changes in the following subsection.
Quantitative implications: Impacts on predicted days in customs
The discrete time transition model that we use to link days in customs to policy variation is appropriate given our data, but because the model is non-linear the coefficient estimates are difficult to interpret in terms of their quantitative implications. In order to put the estimates in context we conduct a series of thought experiments in which we change one or more of the policies, and recalculate the expected time in customs for each country. In each of the thought experiments we evaluate a move to the world's best practice by all WTO members.
To examine the magnitude of these impacts for each country we calculate the conditional mean days in customs given the observed covariates using the method presented in equation 5. In counterfactual analysis we calculate this value for alternative measures of policy, while holding the other variables fixed at their observed values. For example, we consider a move by all countries to best practice in the area of Governance by setting the policy score for the Governance variable in each country to the best possible level, 2, and recalculating the expected time in customs. The difference in the two conditional means for a given country is our estimate of the effect on the reduced number of days in customs that is associated with a move to best practice in the Governance indicator alone.
We do this analysis jointly for the set of all policies at once, as well as for each individual policy that is statistically significant in column 2 of Table 4 .
Cross-country averages of time in import customs and expected time in import customs under different policy scenarios are reported in Table 5 . We report results for all countries and several subgroups of the sample, including those with and without policy data, and those countries that are and are not WTO members. Column 1 reports the mean number of reported days in import customs using the data from TAB. Differences between country groups I and II indicate that longer average times were observed in the sample countries for which the OECD did not report policy data. This illustrates the importance of the multiple imputation correction. Differences between groups III and IV indicate that WTO members score very differently than non-members in the TAB indicator for time in import customs. Later in the paper we focus on group III, the WTO member countries, as a Combined results from estimates over 80 imputations. b standard error is reported in brackets below estimated parameter, *** indicates 1% significant, ** 5% significant and * 10% significant. WGI data included in the specification, but results not reported to save space. There were no significant coefficients on the WGI variables.
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these are the countries that made commitments under the TFA. Notes: a Estimates are based on 80 imputations using coefficient estimates from column 2 of Table 4 .
Group I includes countries with at least part of the policy measures observed
Group II includes countries with none of the policy measures observed, so all are imputed
Group III includes only WTO member countries
Group IV includes only countries that are not WTO members Column 2 reports cross-country means for the expected time in customs, as calculated by equation
5 given the available data on policy and other outcomes. 32 We can understand the implications of the TFA by comparing the estimates in column 2 to those in subsequent columns. For example, moving all policies to best practice in all countries (summarized in column 3) would reduce the average predicted time in import customs from 3.64 days to 1.91 days, a 48 percent reduction. We also calculate the cross-country mean of the reduction in the number of days in import customs, which is 1.9 for WTO members -the countries that will implement the TFA. policy changes are implemented jointly as in column 3.
Next we turn to counterfactual results for days in export customs, which are reported in Table   6 . These are based on counterfactual exercises that use the parameters from the second set of estimates in Table 4 . Column 1 reports mean values of the data on days in export customs for the country groupings described above. Column 2 reports the means of the fitted values. Column 3 considers a counterfactual calculation with all policies improved to the global best practice. Impacts of reform are larger for export days in customs than for import days in customs. Our estimates suggest that the same policy changes would have a larger impact on export clearance times than on import clearance times. 34 Full implementation of the TFA implies an average reduction of 2 days in export customs among WTO members. Column 4 reports the average numbers of days in export customs conditional on reforming only the governance policies. While reforming governance alone would improve import clearance times these improvements are dwarfed by the impact of joint improvement in all 12 policies. Notes: a Estimates are based on 80 imputations using coefficient estimates from column 4 of Table 4 .
Group I includes countries with at least part of the policy measures observed.
Group II includes countries with none of the policy measures observed, so all are imputed.
Group III includes only WTO member countries.
Group IV includes only countries that are not WTO members. Tables 5 and 6 report cross country means of the number of days spent in customs, and provide illustrative evidence on the reduction in global means when policy is changed. But the impact of trade facilitation policy changes should not primarily be understood through changes in cross country means. Because there is enormous policy variation across countries -and because customs performance also depends on non-policy variables like per capita income -the impacts of full implementation can vary substantially across countries. Cross-country variation in policy can be understood by conducting a thought experiment in which all countries' policies move from their existing policies to the policy frontier. Country-specific estimates of the change in days required are indicative of the impacts of country-level reforms, and these can be used in a cross-country comparison. Figure 2 shows predicted days in import customs for WTO members at existing levels of policy on the x-axis and predicted days assuming full implementation of the TFA on the y-axis. The scale of the two axes is held fixed and a 45 • -line included to demonstrate the large reduction in crosscountry variation that occurs when policies are equalized at best practice levels. As indicated on the figure, the impact of reform in each country can be observed as the vertical distance between the 45 • -line and the country's location on the graph. Circle sizes indicate the size of merchandise imports for each country.
A key implication of the model is that the variation in the conditional expected outcomes would be substantially reduced by full implementation of the TFA. At current policy, there is enormous variation in fitted customs performance (displayed along the x-axis, ranging from less than one day 26 in import customs to more than nine). When we calculate predicted days assuming best practice in all countries (as represented along the y-axis), there is much smaller variation in performance; expected days in customs range only from zero to six. The figure also indicates the impacts of policy changes are larger in countries where performance is weaker. In short, the model suggests that the TFA would make customs performance more similar across countries, which is a key goal of the effort.
A final lesson to take from Figure 2 Table 4 to calculate fitted and counterfactual values. The primary insights of Figure 2 follow through, but in this case policy reform is much more effective. Virtually all of the variation in performance disappears when policies are set everywhere at the best-practice levels. As with imports, the effects of policy reform are largest for countries with relatively little trade. This negative correlation limits our estimate of the overall gains from the TFA. The relatively larger influence of policy on performance of export customs does imply larger gains on the export side. 35 Why is policy more closely linked to time in export customs than time in import customs? It is likely that oversight of imports is typically more difficult for customs agencies than oversight of exports. Most countries' exports are concentrated in a (relatively) small number of firms, and a relatively small number of products. Exports can be monitored from production through transport until their arrival at the border for clearance. Managing imports, by contrast, involves real-time decisions at the customs office about the acceptability of thousands of products from many different countries. This is inherently more difficult than managing exports, and so might depend on factors other than trade facilitation policies alone. As a result customs performance may be more responsive to policy change on the export side than on the import side. 
Estimates for other measures of border performance
In this paper we seek to use the OECD policy data to explain cross-country variation in measures of customs performance. Our primary interest is in estimates of the reported value of time required to clear customs. But we also would like to check three alternate measures of customs performance: the (logged) cost of clearing import and export customs (also taken from the TAB data), and an index measure of country-level performance in customs (taken from the LPI). Since all three variables are continuous we estimate linear specifications with the performance measure on the left hand side, and use the same right hand side variables as in the other regression model. As with the earlier model, we employ multiple imputation techniques to account for missing policy data. The results are reported in Table 7 . 36
In column 1, the dependent variable is the log of the TAB measure of the monetary cost of clearing import customs. In this specification the coefficients on the Advanced rulings and Automation variables are significant at the 5% and 10% levels, respectively. Both variables have coefficients that are economically significant -a one point move in each index (on a 0-2 scale) produces a reduction in reported cost of over 30%. Column 2 reports estimates from a log-linear model with the cost of clearing export customs as the outcome variable. In the case of exports none of the policy variables have statistically significant coefficients, on their own. In both specifications the independent variables explain nearly half of the variation in reported cost. 37
Column 3 of Table 7 reports estimates from a linear model with the customs subcomponent of the World Bank's Logistics Performance Index as the dependent variable. 38 The evidence in this column suggests that the variables that determine variation in the LPI are rather different than those that determine the TAB outcomes. Coefficients on total GDP, the per-capita GDP variables and WGI-effectiveness are all significant for the LPI measure. None of the policy variables have significant coefficients. In the case of the LPI measure it seems that the basic control variables explain most of the variation in the outcome variable. 39 36 None of the coefficients associated with the trade infrastructure variables are significant in any of the three specifications. In order to save space we do not report them.
37 We refer to a Pseudo-R 2 measure in the table because the multiple imputation technique requires an alternative version of the R 2 measure. The interpretation of the measure as guide to the share of variation explained by the model remains nonetheless useful as a device for understanding the model results.
38 This variable associates larger numbers with better performance in customs, so the expected sign pattern differs from the other two columns. The index does not distinguish between import and export customs.
39 A regression of the LPI measure on the basic control variables alone returns an R 2 of 0.73. Including the WGI variables in the regression increases the R While the estimates in these three regressions are interesting, the links between policy and performance outcomes are weaker than they are for the model of time in customs. We confine the rest of our analysis to variables that track time outcomes, and apply the results from the discrete time transition model. Our governing assumption will be that the economic value of the TFA is reasonably well summarized by the value of estimated reductions in the expected time to trade.
Implications
The goals of this study are threefold (in diminishing value of importance, and confidence): First, identify the trade facilitation policy bundles that can be linked, statistically, to better performance in customs. This exercise also requires an evaluation of the quantitative implications of the coefficients Having already accomplished the first objective, we proceed to make a tentative effort to accomplish the second and third. In doing so, we must take a stronger stand on the merits of the TAB data than was heretofore necessary. So far, the data need not be understood to measure anything but private-sector perceptions of the time that goods spend in import and export customs. Perceptions may or may not reflect actual time in customs for a representative shipment.
To go a bit further we rely on an assumption that the reported days in customs are indicative of the actual number of days in customs. We also take an estimate from the literature of the tariff equivalent value of a day in customs, assuming the common iceberg form of trade costs. Using trading firms' freight mode choices in US imports, Hummels and Schaur (2013) estimate that an additional day in transit is approximately equal to an ad valorem tariff equivalent trade cost of between 0.6 percent and 2.1 percent. We take these as the best available evidence on the value of time in trade. Since most of the reforms we consider are in developing countries, where firms and consumers may not be willing to pay as much for time reductions, we take the lower figure as better for our purposes. We use this figure, and our estimate of the reduction in expected days in customs that accompanies a move to best practice in all policies to calculate country-specific estimates of the tariff equivalent reduction implied by the TFA. We calculate that the average tariff-equivalent reduction on the import side is 0.9 percentage points and the average export-tax equivalent reduction is 1.2 percentage points.
As Figures 2 and 3 indicate, trade facilitation policy tends to be better in countries with large trade volumes. We calculate that the correlation between implied tariff reductions and log import volume is -0.31, and the correlation between the export tax equivalent of TFA implementation and the log export volume is -0.33. These correlations might reflect causation flowing in either direction, or that the variables are jointly determined. In any case, the negative correlations between implied tariff reductions and trade volumes limit the possibilities for global gains from trade facilitation policy reform.
What might the TFA be worth?
The negative correlation between the size of countries' trade volumes and their implied tariff reductions is significant for our next exercise, in which we attempt to calculate a monetary value of full implementation of the TFA. Our goal is not to provide an exhaustive estimate of the gains from reform, but rather to provide a transparent and conservative calculation of the most plausible source of significant gains from policy changes -reductions in the time needed to clear customs. 40 Our backof-the-envelope calculation assumes that policy-induced changes in the estimated numbers of days in customs are equivalent to reductions in iceberg trade costs. The magnitude of these reductions is primarily determined by the scale of the tariff equivalent estimates discussed above and the value of a country's trade. These authors consider a broader set of trade facilitation policy changes than are considered here, including valuable but costly infrastructure upgrades. Decreux and Fontagné (2011) consider a halving of selected TAB indicators and calculate world GDP improvements of US $68 billion. Zaki (2014) assumes an even broader set of time reductions from the TAB data (including reductions in inland transport times) and calculates a global trade cost reduction of US $325 billion. Relative to these authors our policy scenario implies larger changes in time in customs, but we consider a smaller set of indicators that improve because of the TFA. Our impacts of policy change are estimated rather than assumed, though we do rely on the Hummels and Schaur (2013) estimate to calculate implied tariff reductions. We use partial equilibrium rather than general equilibrium analysis for purposes of greater transparency.
taking world prices as given. The formula for this calculation is Our estimate of gains from reduced time in exports are possibly more tenuous than gains on the import side, because countries are more specialized on the export side. In countries with poorly performing customs the existing export bundle is not likely to be especially sensitive to customs performance (causality could go in either direction). Exports of bulk commodities, for example, may not be overly affected by improvements in customs. This means that that on the export side our estimates may overstate the true (partial equilibrium) gains from full implementation of the TFA. 43
All of this noted we can use equation 6 to estimate gains from policy-related reductions in the time to clear export customs. We calculate global gains of US $109 billion on the export side, 41 The size of the Harberger triangle is small relative to the size of the rectangle that captures implicit 'iceberg' melt on existing flows. This means that the triangle has a only a small effect on the total, so assumptions about the size of trade elasticity are relatively unimportant for the calculations. The key parameter assumption that affects scale of the estimates is the estimated tariff equivalent of a day in transit. Results scale almost 1 to 1 with changes in this parameter. 42 We are constraining ourselves to a particular channel: reductions in time at customs. This seem the most plausible, and the most easy to value, as time spent in customs is time that the goods are in transit. Hummels and Schaur (2013) are valuing time while the goods are in transit.
43 TFA implementation may allow the country to export additional time-sensitive goods. Unfortunately, we are not able to evaluate this margin of adjustment in our framework. 34 or approximately US$17.30 per resident of a WTO member country. The primary reason that the figure is larger on the export side is that our estimates suggest that export time in customs is more responsive to policy reform than is import time. Noting that the export gains are more speculative, we add these to the estimated gains for imports to get an estimate of the gains from TFA implementation that arise through the reduction in time at customs. This procedure implies an upper bound estimate of $210 billion, which is approximately US$33.31 per year per resident of WTO member countries.
Our estimates lie in the lower range of estimates in the literature. This reflects both methodological differences as well as choices about the source of the welfare gain. Our estimate relies on a single channel of welfare gains, reductions in time spent in customs. By our reckoning this channel is the most plausible and is likely to be the largest source of gains from trade facilitation. One of the reasons that the gains are relatively small is that much of world trade occurs in countries that will see little reform (i.e. developed countries such as those in the OECD). Furthermore, most of the countries with large implied policy changes do not trade very much. As a result the bulk of the estimated global gains from TFA implementation in our model occur in large trading countries that still have some room for improvement in their trade facilitation policies. We report welfare gains for the five countries that account for the largest shares of global gains in Table 8 . China accounts for nearly one-fourth of the global gains on the import side and 30 percent on the export side. 44 
Conclusion
In this paper we use data on trade facilitation policies to estimate the impact of policy on customs performance. Our primary outcome variable of interest is the time spent in customs, as reported in the Doing Business -Trading Across Borders indicators. Since these data are reported in large discrete units, days, we adopt a discrete time transition model to estimate the impact of policy on the number of reported days in customs. Since the policy data we employ as independent variables are missing observations in a non-random manner, we use a multiple imputation technique in order to maximize the use of available data.
Our estimates identify two policy bundles that are statistically significant predictors of reported 44 The preponderance of oil exporters on the export side highlights the way in which the welfare gains on the export side may be overstated. The TFA may not have a large impact on the cost of exporting oil, but the calculations treat all exports equally. On the import side the implied gains from reform in Italy may also overstate the total gains. Italy's imports from the EU are not likely to be overly affected by the TFA. The TAB data measure outcomes for overseas shipments, and the time burden of clearing Italian customs should be considerably lower for shipments from the EU. 2) Authors' calculations using model counterfactuals, and data from the World Development Indicators.
days in import customs: Good governance and impartiality and Formalities regarding automation.
Coefficients on both variables have the expected sign. We also find that the Good governance and impartiality variable significantly affects reported time in export customs, again with the expected sign. The significance of the good governance and impartiality variable across several specifications with multiple control variables included suggests that the policies contained in this indicator are important predictors of private sector perceptions of customs performance. Absent direct evidence from impact evaluation of a specific policy change, cross-country estimates like this one may be useful for guiding policy choices.
Our estimates suggest that cross-country variation in policy is quite important for explaining cross-country variation in time to clear customs. When policy for all WTO members is set to best practice in all policy areas, cross-country variation in time in import customs falls. Our estimates suggest that variation in reported time in export customs would be virtually eliminated by full implementation of the TFA.
In order to illustrate the approximate magnitude of the TFA reforms we calculate implied tariff equivalent reductions, applying an outside estimate that a 1-day reduction in days in customs is roughly equivalent to a 0.6 percent ad valorem tariff cut. Using these figures we calculate that full Bali implementation would imply the equivalent of a 0.9 percentage point average ad valorem tariff cut for import customs and a 1.2 percentage point export tax equivalent reduction for exports.
These average figures obscure substantial variation across countries; the countries with the largest implied cuts in implied ad valorem tariff equivalents tend to be countries that trade relatively little.
We conduct a further thought experiment, calculating the global welfare gains associated with full implementation of the TFA by WTO member countries. We adopt a simple partial equilibrium framework so that our calculations are transparent. Our tentative estimate of the global welfare gains attributable to full implementation through reductions in time spent at customs is US $210 billion per year, with a more certain lower bound of $101 billion. These estimates range from $16 to $33 annually per resident of WTO member countries. As for national gains they are concentrated among a set of countries that are large traders, but for which the OECD policy data suggest that significant but not large policy changes would be necessary if the countries are to reach global best practice. China, the largest trader with room for significant policy improvement, accounts for roughly one-fourth of global gains from TFA implementation in our model.
